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I  -  ABSTRACT 


Planning  in  all  areas  under  study  has  been  completed. 

Equipment  set-up  has  been  completed  except  in  those  areas  where  refine¬ 
ment  modifications  are  necessary. 

Previous  control  production  runs  have  been  evaluated  and  the  affected 
areas  of  study  have  been  finalized  where  possible.  Additional  studies  are 
or  have  been  initiated  to  standardize  the  remaining  areas  of  interest. 


II.-  PURPOSE 


The  purpose  of  this  measure  is  to: 

1.  Direct  efforts  toward  improving  production  techniques  to  improve 
the  reliability  of  the  2N1430  Germanium  transistor  using  as  an  objective  a 
maximum  operating  failure  rate  of  0.057.  per  1000  hours  at  a  907.  confidence 
level  of  25°C. 

2.  Improve  the  areas  of  resistivity  control^  etch  pit  control^ 
uniform  penetration  in  diffusion^  depth  control  in  alloying,  spreading  and 
wetting  in  alloying,  collector  attachment,  surface  passivation,  final 
preparation  prior  to  sealing,  gettering  technique,  and  leak  determination 
in  order  to  approach  the  above  objective. 

3.  Provide  information  and  data  to  demonstrate  the  results  in  the 
areas  of  study. 

4.  Establish  and  maintain  quality  control  measures  to  insure 
accuracy  and  reliability  of  the  established  process  techniques. 


Ill  -  PELIABILITY  MOVEMENT  PROGRAM  NARRATIVE  (CONTINUED) 

1.1.1.  Realatlvlty  Control  -  F.  Ardtn  4  H.  Slrik 

The  atudy  of  certain  grovth  condltiona  for  preparing 
germanium  cryatala  with  tight  radial  and  vertical  reaiatlvity 
gradienta  was  continued  in  this  quarter.  Hilrteen  additional 
cryatala  were  prepared  utilizing  both  the  N.R.C.  and  the 
floating  crucible  furnaces. 

Nine  crystals  were  grown  on  the  N.R.C.  furnace,  two  of  which 
are  production  crystals  Included  for  ccaiparl^^K  Prcai  Table  31 
it  la  seen  that  6  out  of  the  7  cryatala  grown ^'t'he  torua  show  a 
low  vertical  resistivity  gradient,  and  an  uncontrolled  radial 
resistivity  gradient.  Obvloualy,  opllatuai  furnace  conditions  were 
not  obtained.  The  low  vertical  gradient  was  unexpected  and  may 
have  been  partly  due  to  the  small  crystal  diameters.  Future 
emphasis,  however,  will  be  placed  on  larger  diameter  and  longer 
crystals  for  production. 

Repairs  to  the  floating  crucible  furnace  were  ccaipleted.  A  total 
of  6  crystals  were  grown.  As  shown  in  TableCJ  five  crystals 
(Nos.  11  through  15)  were  grown  consecutively  on  this  furnace 
with  or  without  the  graphite  torus.  The  objective  was  to 
determine  the  yield,  resistivity  control  and  dislocation  control 
capability  of  the  floating  crucible  furnace.  Dislocation 
control  Is  discussed  in  Section  1.1.2.  An  8lll  yield  of  single 
crystal  was  realized  in  the  2<3-10  ohm  cm  range  based  on  net 
weight.  The  reaailnlng  1^  of  crystal  weight  was  15^t  and  ki>  in 
the  23-20  and  10-8. k  ohm  cm  ranges,  respectively.  Each  crystal 
was  13  to  Ik  Inches  long  as  shown  in  shadowgraphs  in  Fig.  1. 

An  attempt  was  made  to  maintain  crystsd  diameter  3A  7/8" 
during  the  series.  Generally,  about  llteches  of  each  crystal 
was  of  desired  resistivity.  The  variation  of  the  vertical 
resistivity  gradient  was  narrow  and  calculated  to  be  less  than 
2)t  per  linear  Inch  (or  about  x/2  ol*  cm  per  linear  inch). 

As  a  comparison  production  crystals  made  on  the  N.R.C.  furnace 
usually  show  over  51^  vertical  gradient  per  linear  inch  and 
a  yield  of  less  than  ko^  in  this  resistivity  range.  Thus, 
a  significant  Improvement  in  the  vertical  gradient  was 
acccaq)llshed  In  fulfillment  on  one  of  the  contracts' 
objectives. 

For  the  next  (juarter,  a  study  of  other  growth  parameters 
will  be  made.  In  previous  runs^  the  inner  crucible  contained 
a  .093  Inch  capillary.  The  effect  of  a  different  diameter 
capillary  will  be  investigated.  The  capillary  controls 
the  distribution  of  dopant  in  both  crucibles.  Ideally,  no 
redistribution  of  dopant  is  desired  via  either  diffusion  or 
mass  transfer  phenomena.  If  the  oaplllary  Is  too  large, 
molten  germanius  will  flow  in  both  directions  land  the  resi;iltlng 
resistivity  profile  of  the  crystal  will  approach  that  of  a 
crystal  grown  from  a  single  crucible. 


Ill  -  RELIABILITY  IMPRCVEMENT  PROGRAM  NARRATIVE  (CONTINUED) 


1.1,1  R«ilstlvlty  Co^rol  (cont'd) 

AlaOj  In  the  next  quarter,  the  effect  of  enguler  seed  rotation 
and  pull  soeed  on  the  effective  segregation  coefficient  will  be 
Investigated.  The  object  Is  to  enhance  distribution  of  dooant 
at  Che  solid-liquid  Interface  In  order  to  decreaae  the  radial 
resistivity  gradient.  Thus,  It  is  nronosad  to  Increase  angular 
seed  rotation  and  to  decrease  pull  sneed  In  order  to  maintain 
the  C>  Co  condition;  where  C  =  Concentration  of  dopant  in  the 
inner  crucible  and  Co  =  Concentration  of  dopant  In  the  outer 
crucible. 

Conclusion: 

Significant  Improvements  In  yield  and  the  vertical  resistivity 
gradient  were  demonstr^ated  by  use  of  the  floating  crucible 
furnace . 

Program  for  Next  Quarter 


Grow  a  aeries  of  crystals  to  a  specified  resistivity  range 
for  a  production  run. 

Investigate  effect  of  capillary  dlaaiater  In  the  floating 
cruc ible. 

InvesClgata  affect  of  angular  seed  rotation  and  null  seed. 


1 . 1 . 1 . 1  Optlmlaatlon  of  Raalatlvlty _E tc h  P^e  Ranges 
RacoHMandatlons : 

As  explained  In  full  detail  In  the  body  of  this  discussion, 
our  findings  In  the  resistivity  -  etch  pit  optimisation 
experlBMnt  lead  us  to  put  forth  the  following  recomsaendatlonB : 

In  view  of  the  newly  proposed  and  tighter  specif Icatlona  on  the 
2N1430  type  transistor,  use: 

1.  Resistivity  10  •  20  ohei-cn. 

2.  Etch  pit  count  1000  -  2000  pits/cm^. 


Introduction: 

Work  performed  during  this  quarter  waa  devoted  to  optimising 
Che  resistivity  -  etch  pit  combination  for  the  10  Aan>  DAF, 
2N1430,  type  transistor.  In  order  to  obtain  tha  maximum 
amount  of  Information  out  of  a  given  number  of  data  points, 
as  well  as  tha  most  precise  estimate  of  experimental  error, 
Che  so'called  Factorial  Daalgn  was  utilised.  When  tha 
requisite  con  dltlons  have  been  met,  this  type  of  daalgn  will 
give  Information  not  only  on  the  affects  brought  about  by  tha 
Individual  Input  variables,  but  also  It  will  point  out  first, 
sacond,  and  higher  outer  Interactions,  If  any,  among  tha 
variables. 


Ill  -  RET.IABIT.ITY  IMPROVEMENT  PROGRAM  NARRATIVE  (CONTINl'ED) 


l.I.l.l  Optimization  of  Resistivity  ^Etch  Pit  Psnges  <'cont'd^ 

To  briefly  show  why  the  factorial  design  Is  more  efficient, 
we  shall  present  the  following  example:  We  wish  to  study 
the  effects  of  changing  the  temneratureg  «nd  the  nressures 
in  a  given  exncrlment.  The  classic  wsv  to  do  this  Is  by 
the  ''one-factor-at-a-tlH»"  method,  Illustrated  In  Figure  A. 
Here  we  get  first  a  Mssurement  at  Tj^Pi.  We  now  change  the 
temperature  only  to  obt*in  »  oolnt  at  T2P]^.  Then  we  change 
the  pressure  only,  and  get  a  reading  at  Tj^P^..  To  estimate 
the  effect  of  temoerature  we  consider  the  difference 
(21  •  (11,  and  to  estimate  the  effect  of  the  pressure,  we 
look  at  the  difference  •  fll.  ,  Because  of  experimental 
error,  we  might  wish  to  confirm  our  results  by  duplicating 
the  same  experiment.  Thus,  six  f61  observations  would  be 
required  to  make  two  comparisons  each  on  the  temperature 
and  pressure  affects.  Note  also  that  we  have  no  Informa¬ 
tion  whatsoever  on  possible  Interaction  between  the  variables. 


Suppose,  now,  that  we  were  to  add  one  more  observation  to 
the  original  3  by  completing  the  square;  In  other  words,  bv 
obtaining  one  measurement  after  having  changed  both  the 
temperature  and  the  pressure.  This  Is  shown  In  Figure  B 
as  T2P2*  To  estimate  the  effect  of  temerature,  we  can 
now  compare  [(23  -  (13]  and  [(4)  -  (3']  .  «lmllarlv  to 
estimate  the  fffect  of  pressure,  we  can  compare  |73)  •  (l]] 
and  [(A)  i  (2]  .  As  can  be  seen,  we  were  able  to  make 
two  comparlsona  eech  on  temperature  and  pressure  effects 
with  only  four  observations  (as  contrasted  with  six  observations 
for  the  one-facter-at-a-tlme  deslgn3.  There  Is,  In  addition, 
a  further  benefit:  whereas  the  "one-factor-at-a-tlme"  gave 
us  no  clue  as  to  possible  Interaction  between  the  variables, 
the  factorial  experiment  dou  bring  this  out  most  natueally 
by  comparing  Q(l)  /  -  r(2)  /  (3)]  . 
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Figure  B 


Ill  -  RELIABILITY  IMPR0V1«!W!NT  PROGRAM  NARRATIVE  (COBTINUED) 

l.I.l.l  Optlmtftlon  of  Realstivlty  &  ^tch  Pit  R>nK>»  (cont'd) 


Su—ry : 

I,  n')  Th*  “one-factor-at-a-tlae"  dealgnuMa  only  part  of  the 
obacrvatioTiS  to  estimate  an  affect, 
b)  The  factorial  dcslen  oaea  all  of  the  obacrvatlona  to 
estimate  each  effect. 

II.  a)  The  "one-factor-at-a-tlme"  design  cannot  reveal 
anything  about  Interaction  between  the  factors, 
b^  The  factorial  design  Is  eminently  suited  to 
point  out  Interaction  among  the  variables. 

The  Design: 

For  a  factorial  design  In  which  soow  (or  all)  of  the  factors 
are  Quantitative  In  nature,  It  Is  possible,  and  Indeed 
desirable,  to  enAlyze  the  data  to  see  whether  the  various 
levels  of  the  Input  variable  constitute  a  linear,  or  a 
quadratic,  or  a  cubic,  etc.,  relationship.  This  can  be 
most  conveniently  handled  by  the  use  of  orthogonal 
polynomials*,  since  for  this  type  of  polynomials,  the 
necessary  constants  have  been  precalculated  and  tabulated. 
However,  one  of  the  requirements  for  the  use  of  this 
table  Is  that  the  points  at  which  the  data  Is  read  be 
equally  spaced.  If  this  cannot  be  done  conveniently, 
then  one  has  the  alternative  of  sulking  the  ratio  of  the 
consecutive  points  be  constant  and  then  aAalyse  the 
logarlthaa  since  the  logarithms  of  numbers  having  a 
constant  ratio  are  equally  spaced. 

With  these  points  In  mind,  a  matrix  was  designed,  and  It 
is  shown  In  Figure  C.  It  can  be  observed  thst  the  resistivities 
are  equally  spaced,  while  It  Is  the  logarithms  of  the  etch 
pits  that  are  equAlIy  spaced. 

In  order  to  Insure  that  only  the  correct  resistivity  - 
etch  pit  coad>lnatlon  went  Into  each  cell  of  the  matrix, 
the  Individual  slices  ears  checked  for  resistivity  on  the  micro- 
wave  set  and  the  msasurcsMnts  were  corroborated  with  the 
four-point  probe  suklng  certain  that  the  correction  factors 
for  thin  slices  were  rpplled  as  required.  Also,  the  dislocation 
efcch-plta  were  counted  on  the  Individual  slices.  The  wafers, 
then  were  categorised  and  Identified  with  their  corresponding 
call  In  the  matrix  (such  as  4A,  3C,  etc.).  Following  this, 
they  were  sibjected  to  the  normal  manufacturing  process  In 
accordance  with  current  specifications  governing  the  various 
operations.  The  units  were  then  properly  aged  and  electrical 
data  was  obtained  on  a  Type  575  Curve  Trader* 


*  SEE  O.L.  Davias  -  "Design  end  Analysis  of  Industrial  Experlswnts"  Hafner 
Publishing  Company,  New  York,  1956,  Appendix  8C,  Page  344  at  sag. 
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III  -  RELIABILITY  IMPROVEMENT  PROGRAM  NARRATIVE  iTONTINI-El)) 

1.1. 1.1  Optimization  of  Resistivity  &  Etch  Pit  Ranges  (cor.t'dl 

A  sufficient  quantity  of  units  was  started  to  Insure 
that  at  least  20  good  units  would  be  available  for  each 
cell  of  the  matrix  (required:  12  x  20  •  240  ur.ltsl. 
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Analysis : 


One  of  the  underlying  assumptions  in  an  analysis  of  variance 
is  that  the  variances  of  the  different  groups  must  be 
homogeneous  (as  established  by  an  "F  Test"  or  a  "Bartlett 
Test")^^)ln  addition;  it  is  always  a  good  policy  to  look  at  the 
data  pictorlally  to  quickly  Judge  whether  any  peculiarity 
can  be  spotted  in  the  measurements.  It  is  well  known  that 
the  arithmetic  average  is  an  efficient  estimator  of  the 
central  tendency  of  the  underlying  population.  Unfortunately, 
it  is  unduly  influenced  by  extreme  values.  Furthermore,  in 
order  to  obtain  confidence  limits,  one  must  assume  something 
about  the  shape  of  the  population.  The  medlar,  fthe  middle 
value  of  the  ordered  data),  on  the  other  hand,  Is  a  soetewhat 
less  efficient  estliMtor.  However,  it  has  two  Important 
assets;  nasMly,  (1)  it  is  relatively  insensitive  to  extreme 
values,  and  (2)  it  is  possible  to  make  confidence  statements 
about  it  with  no  assumption  about  the  underlying  distribution 
of  the  poDulatlon,  except  that  the  observations  are  on  a  continuous 
variable For  these  reasons,  we  plotted  the  medians  of 
these  significant  electrical  parameters,  along  with  95%  con¬ 
fidence  llmlta.  Figures  D,  E,  and  F  show  the  following  as 
far  as  can  be  judged  from  the  confidence  limits: 


(1)  SEE  O.L.  Davies 

(2)  SEE  Dixon  and  Meaey  "Introduction  to  Statistical  Analysis"  McGraw  Hill, 

Second  Edition,  1957,  Page  294. 


Ill  -  RELIABILITY  IMPROVEMENT  PROGRIM  NARRATIVE  (CONTINUED) 


1,1. 1.1  Optimization  of  Reslatlvtty  &  Etch  Pit  Range*  (contM) 

1.  IcBO  ■  There  appears  to  be  homogeneity  of  the  variance* 

and  therefor  an  analysis  of  variance  would 
appear  appropriate. 

2.  -  It  is  not  possible  to  say,  off-hand,  whether 

homogeneity  of  variance  exists  and  a  Bartlett 
Test  Is  Indicated. 

3.  Ig  -  The  variances  are  obviously  non-homogeneous, 

and  an  analysis  of  variance  would  not  be 
justified . 

Results : 

1.  An  analysis  of  variance  was  performed  (attached)  and  It 

reveals  no  significant  difference  between  the  various 
levels  of  the  variables  as  evidenced  by  the  Iggo  ^  ' 

2.  A  Bartlett  Test  (attached)  shows  the  data  on  the 

does  not  exhibit  homogeneity  of  variance,  and  therefore, 
an  analysis  of  variance  Is  not  Justifiable. 

Coacluslon: 


The  newly  proposed  specification  limits  for  the  various 
paraMters  were  drawn  In  on  the  graph*  (Figure  D,E,  and  F) 
and  based  on  them  ,  the  following  conclusions  were  drawn; 

1.  1(^30  All  the  groups  meet  the  requirements. 

2.  I-  TIm  following  groups  asset  the  requirements; 

IB,  SB,  4B,  2C,  3C,  and  UC 

3.  BV„„_  The  following  groups  oseet  the  requirements; 

2A,  3 A,  3C,and  4C 

The  groups  fitting  all  three  requirements  are  therefore; 

3C  and  4C 

One  recoernmndatlon,  therefore.  Is  to  consider  groups  3C  and  4C 
as  the  optimum  etch  pit  -  resistivity  combinations.  In  terms 
of  actual  units  this  means: 

10  -  15  ohm-cm(  .  jqoO  etch  plt/cm^ 

15  -  20  ohm-cmj 

Status; 


In  view  of  the  great  variability  encountered  within  the  groups, 

It  appears  desirable  to  obtain  a  confirmation  of  our  present 
results  end  et  the  same  tlaw  to  extend  further  our  Investigation: 
this  time  the  low  resistivities  (less  than  10  ohm-cm)  and  the 
lew  etch-pits  (less  than  1000  plts/cm2)  will  be  dropped  In  favor 
of  new  categories  on  the  high  side  (resistivities  larger  then 
20  ohm-cm  and  atch-plts  larger  than  2000 /cm^). 


BARTLETT'S  TEST  (I. 1.1.1) 


Thli  t««t  will  be  epplled  to  the  data. 


Let  ua  define  the  following  terms: 

2 

S  1  =  variance  of  the  I'th  category. 

1  =  2,  3 - k  =  nunber  of  categories,  up  to  k 

Ml  =  number  of  observations  In  the  I'th  category 

,4. 

N  -  nl  »  total  number  of  readings 


q2„ 

S  p 


M 


(N-k)  lu  S^p  - 


lu  -  logarithm  ^  the  base  e  •  2.72 


'1  • 

'2  ■ 

b  • 


L- 

k-l  ■  degrees  of  freedom  of  the  nuaierator  In  the  F-test. 
ki^l/A?  *  degrees  of  freedom  of  the  demomlnator  In  the  F>test. 
Vj/l-A/  (2/?j) 


compere  F  ■ 

(b-M) 
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value  tal 

[  this  to  our 

we  find 

: 

Category 

(Mi-l)S^l 

S^i 

lu  S^l 

lA 

7,0A8 

793 

6.66 

IB 

855 

95 

4.55 

1C 

8,A55 

938 

6.83 

2A 

6,716 

7A2 

6.60 

2B 

1A,2A0 

1581 

7.36 

2C 

9,A28 

1046 

6.94 

lA 

17,890 

1986 

7.57 

3B 

11,272 

1251 

7.14 

3C 

13,9AA 

1548 

7.33 

AA 

3,259 

361 

5.89 

4B 

3,962 

440 

6.08 

AC 

3A,932 

3877 

8.26 

Bartl« 1 1 Test  (1.1. 1.1)  (c on t ' d'> 

S^p  ■  132,001/120-12  -  1,222  lu  S^p  •  7.12 

M  •  (120-12')  7.12  -  9  [81.2^  -  768.96  -  730.89  -  38.07 
1-  1/3(12-1)  1^12/10-1  -  1/120-1^  »  1/33  Q. 33  -  .009^  »  .04 
5  12-1  »  11 

Vj  ■  12/l/(.04)^  •  13/. 0016  =  8,125 

b  ■  8,125.'  1-.04  /  2/8,125  »  8,463 

F  *  8,125  <38.07)/  11  (8,463  -  38.07)  •  3.34 

From  en  F-t«blc,  with  degrees  of  freedom  11  end  oo  ,  we  find; 


F.95  *  1.79 


F.9,  =  2.25 


We  BUiy  conclude  thet,  et  the  991  confidence  level,  the  verlances  are  not 
homogeneous . 


ANALYSIS  OF  VARIANCE  (1,1. 1.1 ) 


(M««8ur«imnts  ar«  in  iiilllanpsrss ) 


Reals  tlTity  - *" 


1 

2 

i 

b 

Row  Total 

.03 

.03 

.oli 

—  — 

.Oli 

.07 

.Oli 

.06 

•Oli 

.11 

.06 

.03 

.05 

.05 

.Oli 

.05 

.Oli 

.17 

.Oli 

.oli 

.05 

.oli 

.05 

.08 

.05 

.Oli 

.05 

.05 

.05 

.07 

.05 

.05 

.oli 

.05 

.06 

.05 

.05 

.Oli 

.Oli 

.06 

3.80 

A 

.03 

.03 

.05 

.05 

.05 

.oli 

.Oli 

.06 

.05 

.02 

.07 

,06 

.oli 

.05 

.05 

.05 

.02 

.Oli 

.05 

.oli 

.05 

.oli 

.Oli 

.06 

.03 

.Oli 

.06 

.02 

.05 

.Oli 

.05 

.03 

_ 

.03 

.Oli 

.03 

.05 

.03 

.05 

.07  1 

Sub- total  0.91 

0.92 

0.95 

1.02 

.03 

- 1 

.03 

.06 

.oli 

.05 

.oli 

.06 

.05 

.Oli 

.Oli 

.05 

.20 

.05 

.06 

.03 

.11 

.23 

.05 

.Oli 

.05 

.05 

.06 

'  .07 

.02 

.03 

.11 

.05 

.05 

.05 

.05 

B 

.03 

.Oli 

.Oli 

.Oli 

.Oli 

.05 

.05 

.05 

3.88 

.03 

.03 

.05 

.oli 

.oli 

.oli 

.06 

.06 

.02 

.02 

.oli 

.03 

.05 

.05 

.05 

.05 

.02 

.02 

.03 

.03 

.Oli 

.oli 

.06 

.Ob 

1  .03 

.03 

.05 

.03 

.05 

.oli 

.05 

.05 

1  .02 

.02  j 

.oli 

,06 

.05 

.05 

.06 

.06 

Sub-total  0,67 

1.08 

1.07 

1.06 

.05 

.03 

.03 

.03 

.09 

.oli 

.Ob 

.06 

.15 

.03 

.05 

.Oli 

.Ob 

.05 

.05 

.07 

.03 

.06 

.05 

.oli 

.07 

.05 

.05 

.05 

.Oli 

.03 

.Oli 

.Oli 

.05 

.Oli 

.Ob 

.05 

r 

.09 

.Oli 

.03 

.Oli 

.05 

.oli 

.03 

.06 

3.80 

.03 

.03 

.Oli 

.oli 

.05 

.oli 

.05 

.05 

.03 

.02 

.Oli 

.08 

.05 

.05 

.Ob 

.05 

.05 

.25 

.Oli 

.03 

.05 

.oli 

.05 

.Ob 

.02 

.02 

.03 

.03 

.08 

.oli 

.03 

.Ob 

.03 

.03 

.05 

.Oli 

.oli 

.oli 

.Ob 

.Ob 

Sub-total  1.06 

0.81 

1,00 

0.93 

■ 

Grand  Total 

m 

m 

2.61i 

2.81 

3.02 

3.01 

11. b8 

Each  call  hai  20  obaerrationa,  and  tharafora,  tha  total  nunbar  of  obaanrationa 
la  20  X  12  ■  2U0.  Lat  ua  now  caloulata  tha  corractlon  factor. 

C.F.  •  (ll.l<8)V2l*0  •  131.79/2UO  -  ,SU9 

Sum  of  Squaraa,  Total  ■  (.03)^  (.OJi)^  (,0U)^  ♦  (.01*)^  -  C.F. 

-  .721*  -  .51*9  -  .175 

Sum  of  Squaraa  Batwaan  tha  12  Maana 

♦  .  («91)^  +  (.92)^  ^(1.00)^  ^(.93)^  -  C.F.  -  .557  .  .5it9  .  .008 

20  20  20  20 

Sum  of  Squaraa  for  Rowa 

(3«80)^  ♦  -  C.F.  -  ,51*9  -  .51*9  •  .000 

80  80  80 

Sum  of  Squaraa  for  Columna 

♦  -  -  -  ,  ^002 
60  60 


A  N  0  V  A  (Analyala  of  Varianca) 


Sourca  of  Variation 

SoBI  of 
Squaraa 

Oagraaa  of 
Fraadoa 

Moan  Squara 

F  Ratio 

F.  95 

Batwaan  Rowa  (Etch-Pit) 

.000 

2 

.000 

mm 

Batwaan  Columna  (Raaiatlvitj) 

.002 

3 

.0006 

Zntaraetlon 

.006 

6 

.001 

2.10 

Sub- total  (Batwaan  tha  12  Maana! 

.008 

11 

.0007 

1.79 

.167 

228 

.0007 

■■ 

Total 

.175 

239 

_ 

■1 

FMm  thla  analjraia  it  appaara  that,  at  tha  95/t  confldanca  laral,  thara  la  no 
algnlf leant  dlffaranca  batwaan  tha  warloua  catagorlaa. 


Ill  -  RELIABILITT  IMPROVIMIfr  PROGRAM  NARRATI7I  (CONTINUED) 

1,1,2  Etch  Pit  Control  -  F.  Ard«ii  k  H,  SlTlk 

Bie  Idea  presented  in  the  2nd  quarterly  report  relating 

torus  hole  size  and  crystal  dlaneter  vith  density  of  dislocation 

pits  vas  evaluated. 

It  is  seen  from  T^bleJlTthat  T  out  of  7  crystals  grown  on  the 
N.R.C.  furnace  have  a  much  lower  dislocation  density  than  the 
two  production  crystals  grown  without  a  torus.  It  is  also  seen 
that  the  dislocation  density  varies  depending  which  torus  vas 
used.  Essentially,  it  was  demonstrated  that  the  dislocation 
density  of  germanium  crystals  may  ^  controlled  by  choice  of  a 
suitable  torus. 

Further,  from  Table  Iiy  five  crystals  (Nos.  11  through  15) 
grown  on  the  floating  crucible  furnace  show  a  similar  result . 

For  example,  it  vas  found  that  the  dislocation  count  vsM  reduced 
about  20^,  5lt  and  0^6  when  using  the  li^' ,  1-3A"  2"  diameter 

hole  in  the  torus,  respectively,  below  the  dislocation  count  of 
crystals  grown  without  the  torus,  while  maintaining  crystal 
diameter  at  3/k  to  1"  (See  Fig,  1  shadowgraphs). 

Another  Important  observation  is  that  crystals  produced  on  the 
floating  crucible  furnace  display  at  least  a  50i»  higher  dislocation 
density  thsui  crystals  produced  on  the  N.R.C.  furnace.  For  example, 
crystal  #6  displays  a  dislocation  density  at  least  three  times 
greater  than  any  crystal  grown  on  the  N.R.C.  furnace  when  ualng 
the  "E"  torus.  This  condition  is  largely  explained  by  the  open 
design  of  that  furnace  thereby  inducing  high  temperature  losses. 

The  result  is  greater  thermal  shock  during  crystal  growth.  Use 
of  the  torus  is  helpful  in  reducing  dislocations  below  2,000 
per  sq.  cm. 

For  the  iiemt  quarter,  it  is  proposed  to  study  the  effect  of  a 
1"  diameter  hole  in  the  torus  on  the  dislocation  density  in  a 
3 A"  diameter  crystal. 


Conclusion: 


The  dislocation  density  of  germaniimi  crystals  was  shown  to  be 
controllable,  at  least  partly,  by  means  of  a  suitable  torus  in 
the  dislocation  density  ranges  frcn  about  200  to  2,000  per  sq.cm. 

Program  for  Next  Quarter: 


A  few  crystals  will  be  grown  to  a  specified  dislocation  count  for 
a  production  test  Eun. 


Ill  -  miABiLiTi  iMPaovixorr  pboqram  mariutivi  (conthtoed) 

1.1,3  Dnlform  P«a«tratloa  In  Dlffuaion  -  R.  Coluccl 

During  th«  quarter,  work  wm  contlnuttd  on  the  ua«  of  a  sllloon 
dloxld*  maak  on  alicaa  prior  to  diffusion.  Diffioultioa  hava  baan  an- 
oountarad  in  eonaiatantlj  aaauring  that  tha  Banking  is  eoraring  eoa- 
plataly.  Microaoopie  araaa  oan  ba  found  whara  Basking  is  inoosplata. 

Only  a  souill  nuabar  of  dlea  par  slica  ara  availabla  bacausa  of  tha 
rathar  larga  dia  aisa,  and  tharafora  thai^a  araaa  of  non«^usklng,  STsa 
though  aiorosoopio  and  aidaly  apart ,  causa  considarabla  rajacts  in  tha 
finiahad  alaaant.  Work  la  baing  eontlnuad  to  dataraina  tha  bast  sur* 
faoa  traataaat  and  aaaklng  eye la  to  allainata  thaaa  araaa  of  noa-aaaklng. 
Coacluaioai 

Although  tha  prooaaa  appaars  to  hold  dafinita  adaantagaa  in  ragard 
to  oost  and  uaiforaity  of  alaotrical  oharaotaristios ,  it  is  fait  that  tha 
prooaaa  will  net  baeoaa  an  astablishad  production  proeadura  during  tha 
tlaa  raaaiaing  in  tha  contract .  Bandix  plana  to  continua  this  work 
bayoad  tha  prasaat  aoatraot  until  a  wortabla  production  precaas  is  ar» 
riwad  at  or  tha  prooaaa  is  dafiultaly  dataminad  to  ba  act  faaaibla. 


I 

I 

I 

I 


III  -  RELlABILmr  MPROVBXBWT  PROGRAM  KARRATIVE  (CORTIWUED) 
l.lA  Depth  Control  In  Alloying  -  Fr*d  Arden 

1.1. U.l  Introduction 

Starting  in  Hovember,  I962,  acceptance  for  the  thlctaieeees  of  the 
lOA  dice  after  etching  vent  on  a  control  chart  baaia.  The  plan 
vorka  aa  outlined  belov: 


1.1. U.1.1  Form  lota  correapondlng  to  the  number  of  dice  etched  at  one  time 

(ordinarily  100 ). 

1.1. 1^.1. 2  Check,  vith  micrometer,  10  dice  out  of  a  lot,  coaG>utc  the  range 
and  the  arerage;  plot  on  em  ^  and  R  chart. 

1.1. U.1.3  Flrat  look  at  the  range: 

(a)  If  It  la  larger  than  the  apeclfled  limit,  hare  Manufacturing 
Inapect  the  lot  100^  regardleaa  of  the  value  of  the  average. 

(b)  If  it  la  Inalde  the  llmlta,  act  aa  In  l.l.A.l.A  belov. 

1.1. U.l.V  then  the  range  la  vlthln  apeclfled  llmlta,  then: 

(a)  Sf  the  average  la  iaslAa  the  control  llmlta,  accept  the  lot. 

(b)  If  the  average  exceeda  the  upper  limit,  re-etch  the  lot. 

(e)  If  the  average  la  belov  the  lover  limit,  Inapect  the  lot  100^. 

A  typical  chart  ahovlng  hov  thla  method  operataa  la  attached 
(See  Figure  2  ) 

The  control  llmlta  vere  obtained  aa  ahcarn  In  Appendix  IV. 

Thla  report  la  then  aa  evaluation  of  the  effectlveneaa  of  the 
control  chart  technique  aa  applied  to  the  aampllng  plan  aa  outlined 
above. 

1.1. U.2  Soaie  Haaulta 

Figure 3/^kovv  the  proportion  of  the  cupa  accepted  after  etching, 
aa  the  ,^ota  are  aubmltted.  It  tranaplrea  that,  on  the  average, 
of)’ the  cxipa  are  accepted  laaedlately,  and  an  additional  30)( 
are  accepted  after  re-etch.  The  remaining  20^  muat  be  aubmltted 
to  100^  Inapectlon  by  Ifenufacturlng  on  account  of  their  being  too 
vldcly  dlatrlbuted  or  being  poaalbly  imderalzed.  Such  Inapectlon 
ylelda  ordinarily  acceptable  dice.  All  told,  then,  on  the 
average  ve  are  accepting  80^  on  a  aampllng  'baaia  plua  after  the 
100^  Inapectlon,  or  a  total  of  of  each  lot  aubmltted. 

Figure  ^  Indlcatea  the  variability  of  the  proceaa  aa  ve  can  deduce  ' 
It  from  the  ramgea.  Ve  may  obaerve  a  drmutlc  change  for  the  better 
la  the  variability  of  the  proceaa.  Thla  may  be  attributed  to  a 
leanlag  plerod  during  vhlch  the  operatora  acquire  a  "feel" 
for  hear  to  obtain  proper  reaulta. 


Ill  -  RBLIilBlLnY  IMPROVaElir  PRDGRAM  KARRATIVE  (COirrilfUED) 


1.1.  ^.3.  About  the  Sanpllng  Plan 

It  nov  beccnes  of  Interest  to  obtain  ansvers  to  eone  questions 
about  the  sampling  plan  that  vas  outlined  above,  namely: 

1.1. U.3.1  What  la  the  vorst  average  quality  of  the  dice  going  to  alloying 

(Average  Out-going  Quality  Limit*  A0QL)T 


1.1. 4. 3. 2  Hov  many  dice  are  inspected  on  the  average? 

l.l.U.3.3.  Which  quality  will  be  rejected  90^1  of  the  time? 

(nils  is  kn'ovn  as  the  consuner's  protection,  and  also  as  Lot 
Tolerance  Percent  Defective  ■  LTPD) 


The  ansvers  to  these  questions  are  arrived  at  In  Appendix  Y,  and 
are  summarized  here  for  convenience: 

1.  nie  average  quality  going  to  alloying  la  no  worse  than 
defective. 

2.  maber  of  dice  Inspected  per  cup  ■  30 
(nils  Includes  all  the  cups  Inspected  100^). 

3.  22)(  or  worse  defective  has  90l(  or  better  chance  of  rejection. 
Status 


It  is  contssqplated  at  this  time  to  make  certain  changes  In  the 
etching  operation  that  will  make  It  pomlble  to  Improve  the 
yields  by  reducing  the  variability  of  the  OToeess.  Por  exaaq^le, 
a  reduction  of  the  average-rai^  from  .31  (at  present)  to  .26 
(possible)  would  obtain  the  following: 

1.  AOQL  Tram  6$  (now)  to 

2.  Average  nwber  of  dice  Inspected  from  30  (nov)to  ik. 

3.  90^  or  better  chanee  of  reJeetiOf  a  lot  15)(,  or  worse,  defective 
(instead  of  22^  defective  as  at  present). 

It  will  thus  be  possible  to  further  Improve  the  overall  qviallty  of 
the  work. 


III.  RELIABILITY  IMPROVEMENT  PROGRAM  NARRATIVE  (CONTINUED) 

1.1.5  Spreading  and  Wetting  In  Alloying 

As  the  depth  control  and  alloying  Is  also  affected,  it  will  be 
necessary  in  all  cases  to  consider  spreading  and  wetting  in  alloying  in 
conjunction  with  "1.1.4  Alloy  Depth  Control  in  Alloying"  since  depth 
penetration  in  surface  spreading  are  closely  dependent  on  one  another. 


in  •  8SLXAB1L1XY  IMPNOVOUafT  PUOQSaM  NAKRAl'IYE  (CONTINUID) 

1,1.6  Colltotor  Attaieaa«i*t  -  >luccl 

A  l«rgt  qu«ntit^  ot  bosa-lass  platforas  war*  procaaaad.  Tha 
tharaal  raaulta  of  tila  largar  ru£  did  not  subatantiatf  initial  data, 
but  ahoaad  a  thtrm-..l  raaiatanca  ooaparabla  to  tha  ataadard  packaga 
with  no  laprowaaaat  Juatifyiag  a  pacltaga  radaaign. 

(Saa  data  tablalT  )• 

Concluaioni 

It  can  ba  oouciudad  at  thla  tiaa  that  tha  oollactor  attachment 
ham  baan  finalised  to  tha  uaa  of  tha  ultraaonio  aounting  technique  aa 
outlined  in  tha  first  quarter I7  report. 


Ill  -  RELIABILITY  IMPROVEMENT  PROGRAM  NARRATIVE  (CONTINUED) 


1.1.7  Surface  Passivation  and  Final  Preparation  Prior  to  Sealing 
The  present  production  techniques  have  been  finalized. 

(See  Quarterly  Report  No.  1) 


Ill  .  kSLIABILITT  DtPSOVlXINr  PkOGBAN  NAKKaTIVI.  (GOXTZNUID) 

1.1.3  T»chU.au»>  -  Ray  :oluccl 

Th*  liojil  •xyrimmt*  r^fardlag  thx  optiwoi  aatfrlal 

tuiT«  b««ii  e<Mipl«t«4.  Xt  has  bsaa  eoosluAsA  that  ths  hsst  gsttsrlxig 
aatsrlal  fros  th«  point  of  vim  of  unit  stahillty  ovsr  loaf,  blsh 
toaparaturo  storac*  Ilfs  oondltioaa  la  solooular  Slavs  in  tha  pallat 
fora* 

Aa  aantioaad  in  tlaa  asoosi  ^uartsrXy  raport,  a  sine  ooapound 
was  avaluatad.  Basults  aftsr  1000  hoiura  atora^a  at  110*C  show  tha 
aino  cospound  to  ba  infarlor  to  tha  aolaoular  slaaa  pallat. 

(Saa  7aola  t  ). 

Tha  production  gattaring  taohniqua  has  baau  now  flnsliaad  to 
tha  usa  of  an  activatad  aolaoular  aiava  pallat. 


Ill  -  RBLIABILITI  IMPROVSaNT  PROORAM  NARRiTITB  (C(MTI]n]BO)t 


1.1.9  L«ak  Detarmination  -  E.  Torawtkl 

In  Quarterly  Report  No.  k,  a  method  of  helium  detection  was  described 
by  use  of  a  helium  backfilling  technique .  which  is  based  on  a  procedure  of 
injecting  helium  into  domea  transistors i  then  measuring  the  rate  of  helium 
leakage  from  the  transistor  by  means  of  tne  mass  spectrometer  method. 

The  tests  presented  herein  were  designed  to  evaluate  several  variables* 
such  as  optimum  helium  backfilling  time  and  pressure,  degree  of  repeatability, 
effective  range  of  the  mass  spectrometer  and  if  possible,  the  minimum  meaning¬ 
ful  leak  rate  which  could  be  established  as  a  specification  limit. 

Qme  hundred  twsity  (320)  electrically  "good"  10  Amp  DAP  transistors  were 
selected  for  this  evaluation.  The  devices  were  standard  product,  with  the  ex¬ 
ception  that  no  helium  tests  were  performed  during  fabrication.  The  sample 
transistors  were  divided  into  a  matrix  of  16  groups  of  20  devices  each  and 
tested  in  accordance  with  the  conditions  shown  in  Table  71  .  The  varioua 
hellua  backfilling  pressures  selected  for  this  study  were  chosen  to  provide  a 
substantial  spread  and  to  cover  the  range  of  pressures  now  specified  by  various 
transistor  manufacturers  and  users.  Backfilling  times  of  1  hour,  3  hours,  6  hours 
and  16  hours  were  chosen  for  practical  purposes,  namely,  that  two  3-hour  tests 
or  one  6-hour  test  could  be  performed  during  one  8-hour  shift  period.  The  l6- 
hour  test  can  be  performed  overnight.  Approximately  1  hour  is  required  for 
pretest  conditioning  and  final  post  testing. 

Data  was  recorded  on  a  variables  basis  (individual  readings  for  each  device) 

and  averages  for  each  sample  group  are  as  shown  in  Table  7ZI  •  Data  from  devices 

-8 

with  observed  leak  ratea  of  greater  than  1.0x10  std  cc  He/sec  were  excluded 
from  averages  for  this  pertima  of  the  test. 

-8 

Further  analysis  by  attributes,  still  utilizing  a  limit  of  1.0xl0~  std  oo 
He/sec  is  shown  in  Table  TSI.  An  Analysis  of  Means*  applicable  to  attributes 
data  is  shown  in  Figure  M  . 

*Bsferense  Teehnleal  Report  No.  2,  February  10,  I960,  prepared  by  Ellis  I.  Ott  aa4 
SldhMy  ».  lAwls,  Ihitfers  IWlveraity,  New  Brunswick.  N.  J.  for  Amy,  Mavy  snd  Air 
Fbrce  under  Contract  Nonr  404  (11), (Task  NH-42-021)  ,,ith  the  Office  ef  Naval  Re- 


Sxaainatlon  of  Table  fllland  Flgura  XZ  showa  that  a  aignlfieantly*  highar 
number  of  "fallurea"  occurs  at  the  3-hour  time  period.  Of  particular  Interest i 
howereri  Is  the  lack  of  Influence  due  to  backfilling  pressure.  An  explanation 
of  the  lack  of  significance  of  the  backfilling  pressure  is  offered  as  follows: 

The  pressure  required  to  inject  helium  must  be  high  enough  to  counteract  the 
partial  pressure  within  the  dome  of  the  transistor  as  the  result  of  previous 
evacuation.  However •  injection  of  helium  under  any  of  the  pressures  utilized 
in  this  study  was  sufficiently  high  and  little  noticeable  difference  was  re¬ 
corded. 

All  mass  spectrometer  tests  were  conducted  immediately  after  (within  30 
minutes)  the  backfilling  operation.  If.  however,  a  longer  period  was  allowed 
to  elapse  between  backfilling  and  leak  detection,  entirely  different  results 
would  probably  have  been  obtained,  since  the  amount  of  injected  helium  would 
wry  with  the  backfilling  pressure  and  in  turn,  would  escape  from  the  done  of  the 
transistor  in  a  tine  period  related  to  the  backfilling  pressure. 

In  testing  for  the  mlnunun  repsatable  leak  rate,  37  devices  out  of  the  origi- 

.0 

nal  sample  of  320  exhibited  leak  rates  of  5.0x10  std  ce  He/sec  or  greater.  The 

balance  of  the  sample  indloated  leak  rates  in  the  order  of  lO'^^std  ec  He/sec. 

figure  9  illustrates  the  Trial  1  and  Trial  2  test  data.  It  should  be  noted  that 

•9 

the  24  devices  which  read  in  the  order  of  10  std  cc  He/sec  repeated  for  all 

-8 

units  except  one  unit  (No.  28  read  10  std  cc  He/sec)  on  the  second  trial  run. 

-8 

Of  the  5  units  which  originally  read  in  the  order'  of  lO"  std  cc  He/sec ,  2 

-9  -7 

rspsatod,  2  dsoreaaed  to  10  and  one  increased  to  10  . 

_7 

Of  the  5  devices  which  originally  read  10  std  cc  He/sec,  3  repeated  and  2 
tesrsmmsd  to  10*^. 

Of  the  3  devices  which  read  10~^  std  cc  He/sec,  one  repeated,  one  decreased 
•7  —9  *6 

to  10  '  and  one  decreased  to  10  The  10  leak  readings  should  not  be  considered 
pertinent  to  the  effectiveness  of  the  Helium  Leak  Detection  procedure,  since  the 
magnitude  of  leakage  is  within  the  effective  range  of  the  Detergent  Bomb  Hermetic 
Seal  test  and  would  normally  be  rejected. 

'based  on  a  99%  confidence  level 


CONCLUSIONS: 


1*  Backfilling  pressure  is  not  critical «  provided  that  mass  spectrometer 
measurements  are  taken  immediately  after  (within  30  minutes)  helium 
backfilling* 

2.  The  optimum  backfilling  time  appears  to  be  in  the  area  of  3  to  6  hours* 
which  indicates  that  the  presently  accepted  industry  criteria  of  4  hours 
is  correct. 

_9 

3*  The  minimum  repeatable  leak  appears  to  be  in  the  order  of  l.OxIO  std 

*8  “7 

ec  He/sec.  However,  leak  rates  of  10~  and  10~  can  be  expected  to  re- 

-8 

peat  within  a  range  of  one  order  of  magnitude.  (For  example,  a  10~ 

-9  -10 

leak  can  be  expected  to  repeat  as  a  10  or  10  leak,  but  not  as  a  10 

-6 

or  10  leak).  In  order  to  assure  a  given  minimum  leakage  rate,  specifi¬ 
cations  should  be  written  to  reflect  a  tightening  of  one  order  of  magnitude. 
4.  Leak  rates  of  lO"^*^  and  10**^  std  cc  He/sec  are  most  probably  not  actual 
leakers,  but  rather  "apparent"  leakers,  due  to  background  noise,  caused  by 

the  adherenee  of  helium  molecules  on  the  surface  of  the  device  under  test. 

-9 

3.  nie  maximum  meaningful  specification  limit  should  not  exceed  1.0x10  std 
cc  He/sec. 
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COLLECTOR  ATTACHMENT  (1.1.6) 


^CE  -  -10 


TABLE  T 


I 

I 

I 

r 

\ 

I 

I 

I 

f 
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DESICCANT  EVALOATIOS  (1*1»8) 


ICBO 

— 

r  ICER 

XB 

VCB  •  1.5V 

J  VCE  • 
RBE  • 

80V 

lOOS 

VCE  •  2V 

,  IC  -  lOA 

A 

B 

* 

B 

A 

B 

OMIT  NO. 

ua 

1  — 

na 

na 

1 

78 

b5 

1  b".  2 

*1.0 

350  ■ 

3^ 

2 

b2 

j  0.1 

!  -w 

'  330* 

200 

3 

b6 

— 

1  :o9 

— 

0.1 

— 

U 

b7 

37 

0.2 

'  370 

300 

5 

b3 

bO 

0.1 

0.5 

; 

300 

6 

51 

- — 

.09 

380 

— 

7 

IB 

38 

0.7 

0.3 

300 

250 

8 

b3 

50 

.08 

*100 

^175 

380 

9 

5b 

bO 

.12'' 

*0.3 

230 

300 

10 

b2 

57 

3.5 

0.1 

200 

300 

U 

52 

60 

0.1 

*5oTo 

2^0 

220 

12 

55 

57 

l.b 

0.1 

350 

200 

13 

b9 

— 

.12 

— 

260 

■i 

11» 

bS'”' 

37 

0.9 

l.b 

350 

220 

15 

67 

58 

.38 

~^6 

220 

300 

16 

bo 

b2 

.12 

*.15 

boo 

250 

17 

50 

b8 

.12 

*0.0 

300 

250 

16 

39 

63 

..05 

3.0 

200 

270 

19 

38 

bb 

.05 

.15 

boo 

325 

20 

b6 

b8 

m 

mm 

msm 

200 

310 

21 

63 

160 

u9 

210 

250 

22 

bO 

37 

.12 

10.0 

350 

310 

23 

51 

52 

.20 

300 

350 

2b 

b2 

50 

.09 

350 

325 

25 

70 

61 

.25 

310 

250 

OROUP  A  •  NXBCULAR  SIEVE  PELLET 
ORDOP  B  •  ZINC  OXIDE  PEILET 
*  loop 

—  Cataotrophie  failuro 


TABLE  fX 


LEAK  DETERMINATION  TEST  MATRIX 
20  TRANSISTORS  PER  TEST 


25  PSI 

1  HR. 

— 

25  PSI 

3  HRS. 

25  PSI 

6  HRS. 

25  PSI 

16  HRS. 

50  PSI 

1  HR. 

50  PSI 

3  HRS. 

50  PSI 

6  HRS. 

50  PSI 

16  HRS. 

75  PSI 

1  HR. 

75  PSI 

3  HRS. 

. 

75  PSI 

16  HRS. 

100  PSI 

1  HR. 

_ 

100  PSI 

3  HRS. 

- - - 1 

100  PSI 

6  HRS. 

100  PSI 

16  HRS. 

HOJIM  BACKnLLINQ  PRESSURE  Ic  TINE 


TABUS  VII 
TIXB  (HOURS) 

I  3  6  16 


9.37 

1 

l».90 

b.Ui 

6.76 

j 

1  ■ 

7.2U 

7.68 

6.10 

5.93 

j 

6.6it 

5*38 

7.30 

j 

8.20 

8.I1O 

7.07 

6.10 

6.75 

AVERAOI  IZAK  RATE  (zlO*^  oe/tto. ) 
(Exeloltiif  Itaks  ^UOKlO*^  oe/fte*} 
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(PROPOSED) 

MIUTARY  SPECIFICATION 
TRANSISTOR,  PNP,  GERMANIUM 
TYPE  2N1430 


1.  SCOPE 


1.1  Scoga,  This  specification  covers  the  detail  requirefflents  for  a  Genaaniin  Diffuaad 
Alloy  PNP  awltching  transistor  with  the  following  characteristics  at  T^  ■  Zy  C. 


SYMBOL 

^FE 

'^CE 

Vbe  (Sat.) 

‘r 

*s 

CONDITIONS 

IC>10A,Vee— 2V 

IC— 10A,Ib>-lA 

IC«-10A,IB— lA 

IC.-3A 

VCCeSOV 

UNIT 

- 

V 

V 

PS 

PS 

PS 

MIN. 

20 

-  _  - 

— 

-  - 

m  m 

MAX. 

60 

-0.4 

-0.9 

7.0 

3.0 

5.0 

1.2  ABSOLUTE  MAXIMUM  BATINQS 

»  (1) 


SYMBOL 

UNIT 

MAX. 


T  (Average) 
tf 

70 


P 

T  (Peak) 
W 

800 


*sTa 

®c 

-65  to 
♦110 


BV, 


”C 

uo 


CBO 

V 

-120 


BV, 


CEO 

V 

-100 


‘C 

A 


NOTES! 

1.  For  steady  stats  conditions  with  forward  bias  and  switching  applications 


‘B 

A 


-10  el.? 


'^CB 


^E  '^IbI 


derate  1.2°C/W  for  case  tenpsraturss  >2$°C. 


2.  Peak  power  in  switching  applications 


2.0  APPLICABLE  DOCUMENTS 

2.1  The  following  docussnts  of  the  issue  in  effect  on  invitation  to  bids  fom  a  part 
of  this  specif ieationi 

Sg^imbfitiogsi 

Militarr! 

M^S-19500 

Standartei 

Nlt^Tb.109 

NIL.STO-202 
NZL-STD-790 

3*  B—g— « 

3*^  SttidfSmIS'  Bstnirsasuts  shsdl  be  is  aoeordaacs  with  Spseifieatioa  NZL-t-19900f 


Transistors,  Osnsral  Sposifieation  for 

Sanpllng  Procedures  and  Tables  for  Inspection  by  Attributes 
and  Appendix,  Sanpllng  for  fhcpensive  Testing  by  Attributes 

Test  Nstheds  for  Slsetronics  and  Electrical  Coaponsat  nurts 

Test  Methods  for  Ssnicenductor  DsTiees 
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And  M  specified  herein. 


AbbreTistions  and  symbols.  The  abbreviations  and  symbols  used  herein  are 
dej^ined  in  Specification  MlL-S-19300  and  as  follows: 


hTE 

VC£(sat) 


ICEO 

ICBO 

lEBO 

IC£B 


ICES 


t 


r 


Static  Forward  Current •  Transfer  Ratio 
Collector  Saturation  Voltage 
Thermal  Resistance ,  Junction  to  Case 

Collector  to  i^itter  Cutoff  Current i  Base  Open 
Collector  Cutoff  Current 
jcmitter  Cutoff  Current 

Collector  to  £biitter  Cutoff  Current •  Resistance  return  from 
base  to  emitter 

Collector  Cutoff  Current •  Base  Shorted 
Pulse  Rise  Time 

Pulse  Fall  Time 

Storage  Time 


3.3  Design  and  Construction.  Transistors  shall  be  of  the  design*  construction  and 
physical  dimensions  specified  on  Figure  l. 

3.^  Lead  Arrangement.  The  lead  arrangement  shall  be  as  indicated  on  Figure  i. . 

3.3  Operating  Position.  Transistors  shall  operate  in  any  position. 

3.6  Performance  Characteristics.  Performance  characteristics  shall  be  as  specified 
in  Tables  1*  IZ. 

3.7  Marking.  In  addition  to  the  marking  specified  in  Specification  MIL-S»19300 
transistors  shall  be  marked  with  the  appropriate  type  designations  and  U.  S. 
Army  prefix  after  qualification  has  been  obtainedi  and  with  the  qualification 

code  and  aanufactorer's  identification. 


k,0  QUALITY  ASSURANCE  PHOVISIOWS 

4.1  Sampling  and  Inspection.  Sempling  and  inspection  shall  be  in  accordance  with 
specification  MlL-S-19300  and  as  specified  herein. 

4.2  Qualification  Inspection.  Qualification  inspection  shall  consist  of  the  examinations 
and  tests  specified  in  Tables  I  and  II. 

4.3  IgS2eetloii_Condition8.  Inspection  shall  consist  of  the  examinations  and  tests 
specified  in  tables  I  and  II* 

4.4  Group  A  Inspection.  Group  A  inspection  shall  consist  of  the  examinations  and  tests 
specif led  in  Table  I. 

^•3  Group  B  Inspection.  Group  B  inspection  shall  consist  of  the  examinations  and  tests 
specified  in  Table  II. 
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4.6  PiapoBition  of  sample  units.  Sample  unite  which  have  been  aubjected  to  and  have 
paaaed  Group  B  inspection  may  be  delivered  on  the  contract  or  orderi  provided  thatf 
after  Group  B  inspection  is  terminatedi  these  sample  units  are  subjected  to  and  pass 
Group  A  inspection. 

4.6.1  UF£_T£S^.  Life  tests  shall  be  performed  on  sample  units  which  have  been  sub¬ 
jected  to  and  have  passed  Group  A  inspection. 

4.6.2  1000  Hours  Life  Tests. 

(a)  1000  hours  life  tests  shall  be  in  effect  initially  and  shall  continue 
in  effect  until  the  eligibility  criteria  for  reduced  hours  life  test 
have  been  met. 

(b)  The  measurements  listed  under  end  points  in  Table  II  shall  be  made 
at  0  hours,  340  +  72  -  24  hours,  670  +72-24  hours,  and  1000  +  72 
-24  hours.  Additional  readings  may  be  taken  at  the  discretion  of  the 
manufacturer. 

(c)  Sample  units  shall  meet  the  criteria  specified  in  Table  II. 

If  a  life  test  sample  fails  either  the  340  or  670  hour  acceptance  criteria  for 
storage  life  or  operation  life,  the  lot  shall  be  rejected.  The  tests  may  be  terminated 
at  the  discretion  of  the  manufacturer.  However,  the  results  of  either  of  these  tests 
shall  not  be  used  at  a  future  date  for  acceptance  of  the  same  lot. 

4.6.3  Reduced  hours  life  tests.  (670  or  340  hours)  To  qualify  for  reduced  hours  life 
tests,  the  following  criteria  shall  be  met: 

(a)  The  immediately  preceding  3  lots  have  been  accepted. 

(b)  The  average  per  cent  defective  over  the  preceding  five  lots  at  full 
test  time  has  not  exceeded  0.2  ofX. 

(c)  There  has  been  no  unusual  discontinuity  in  production  in  the  immediately 
preceding  3  lots. 

4.6.4  After  establishing  eligibility,  production  J.ots  shall  be  released  for  shipment  at 
670  hours  or  340  hours,  provided  the  life  test  sample  has  not  exhibited  more  than  the 
allowable  number  of  failures. 

4.6.3  The  manufacturer  shall  establish  eligibility  for  670  hours  first,  thence  he  shall 
meet  the  criteria  of  a,  b  and  c  of  4.6.5  at  670-hour  release  to  qualify  for  340-hour 
release.  Lots  which  are  accepted  under  early  shipment  may  be  shipped.  However,  the 
life  test  shall  continue  through  the  full  1000  hours.  The  manufacturer  shall  lose  eligibil¬ 
ity  for  670-h'our  or  340-hour  release  whenever  two  of  five  consecutive  lots  have  failed 
the  life  test  or  the  percentage  defective  over  the  preceding  five  lots  exceeds  0.4  of  \ 
at  full  time.  Loss  of  eligibility  for  670-hour  release  shall  result  In  Institution  of 
1000  hour  release.  Lose  of  eligibility  for  340-hour  release  shall  result  in  institution 
of  670-hour  release. 

4.6.6  Resubmitted_lots.  Lots,  from  which  defectives  have  been  screened  out  or  reworked 
and  which  are  resubmitted  for  acceptance  Inspection,  shall  contain  only  devices  which  were 
In  the  original  lot.  Resubmitted  lots  shall  be  kept  separate  from  new  lota  and  shall  be 
clearly  identified  as  resubmitted  lots.  Resubmitted  lots  shall  be  Inspected  for  all 
characteristics I  using  tightened  Inspection,  only  for  the  characteristics  failed.  Lots 
may  be  resubmitted  a  maximum  of  two  times.  At  the  discretion  of  the  Government,  testing 
of  characteristics  which  are  not  affected  by  the  screening  process  may  be  omitted  for 
resubmitted  lots. 


MIUS-19500/ 


4.7  Rise  and  fall  time.  Rise  and  fall  time  measurements  shall  be  nutde  using  the 
circuit  of  Figure  • 


3.  PREPARATION  FOR  DELIVERY 

3.1  Preparation  for  delivery  shall  be  in  accordance  vith  Specification  MIL-S-19300* 
6.  NOTES 

6.1  Notes.  In  addition  to  the  notes  specified  hereiai  the  notes  specified  in  Speci> 
ficatioo  MIL-S-19300  are  applicable  to  this  specification. 


NOTICE:  When  Government  drawings,  specifications,  or  other  data  are  used  for  any 
purpose  other  than  in  connection  with  a  definitely  related  Government  procurement 
operation,  the  United  States  Government  tnereby  incurs  no  responsibility  nor  any 
obligation  whatsoever,  and  the  fact  that  the  Government  may  have  formulated, 
furnished  or  in  any  way  supplied  the  said  drawings,  specifications,  or  other  data  is 
not  to  be  regarded  by  implication  or  otherwise  as  in  any  manner  licensing  the  holder 
or  any  other  person  or  corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use.  or  sell  any  patented  invention  that  may  in  any  way  be  related  thereto. 


1*  HethodB  referenced  are  contcdned  in  Standard  MIL-STD-750 
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vtmrwme^d  mrm  eontaiMd  ia  Standard  iaU-STI>-750 


1*  Methods  referenced  are  contained  in  Standard  MIL-dli 
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0.680  I  PLANE.  WICN  GAGE  IS  NOT  USED, MM 
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FIG  € 


LOAD  LINE  SWITCH  I  kJG  TEST 


ADJUST  RESISTOR  RDR  Ic.  Max  »  -lO  A 


HELIUM  LEAK  DETiuAKINATION 


ANALYSIS  OF  MHANS^ 

rxaoRB  8 


Where;  P  -  17/320  -  .053  (  From  Table  VIII) 

0  >  ^05^.95  «  0.0258 


**.05 

^%DL 


3%  UDL  =  Upper  Ueciaion  Limit  «  .053-^2.15x.0258*+0.108 
3%  LDL  >  Lower  Decision  Umit  -  .053-2. 15x.0258x-0. 0025 


2.15 


1 


P  1  ‘‘.OS  ® 


1  Reference  Technienl  Report  No*  2,  February  10|  1960*  prepared  by  Ellis  R. 
Ott  and  Sidney  S.  Lewis*  Rutgers  UnlTeraity*  Nsw  Bruaswieki  N.  J.  for  Amy* 
Msvy  snd  Air  Force  under  Ccotrset  Rear  kOk  Ul)*  (Task  RR-42-021)  with  the 
Office  of  Naval  Rsseareh* 
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APPEMOIZ  I 


Itolltblllty  T»»t  Progr— 

U  R«ll*blll*y  TMtlngt  Lift  ittit  htTt  bttn  eondoettd  on 
tbt  attndtfd  product  and  this  data  will  ba  used  aa  a  eentrol  for  the 
araluatlon  of  the  prodoetion  inproTenenta*  It  la  expected  that  all 
the  product  Improreiunte  will  be  conpleted  and  incorporated  for  produe- 
tlon  rona  during  the  ttth  Quarter. 

Appendix  ahowe  each  of  the  following  taata  oonducted  for  a 
1000  hour  period!  Storage  life  teata  at  2S°C  and  llO^C,  operating 
life  teat  with  the  oaae  tasperatura  at  85  ]^Oq  and  a  oolleetor  power 
diaaipation  of  30  watta.  The  dlealpation  of  30  watta  with  a  Vob«-25Vde 
la  aaeh  that  the  tranaiator  alaaant  is  at  the  waxlnmi  rated  temperature 
of  110®C. 

Meaauranente  wei^  taken  at  250,  500,  750  and  1000  hoora.  Data 

waa  taken  on  the  following  paranetera! 

lobo  •  Teb  ■  100  wolta 

BToar  •  lo  •  50aA  Sbe  •  100^ 

BVebe  •  SOU 

Ib  t  Too  -  2T 
le  -  5A 

For  the  purpoae  of  illoatrating  the  prodaot  beharior  aa  a  raanlt 
of  aging  atreaaaa,  data  for  each  of  the  abort  Mentioned  paranetera  ia 
praaanted  both  in  pareentlla  and  frequaney  diatribution  foni  giran  la 
Appaadiz  II.  Thia  data  baa  alao  bean  reriawad  and  the  aadian  ralnaa 
are  ahosm. 

Sladlar  data  la  praaaated  for  the  oparatiag  powar  diaaipation 
life  teat. 

Blaetrioal  daaigB  teat  data  for  the  abera  Mentioned  paraaiitera 


it  also  ineltidwl  u  Appendix  Z-B.  Thie  deaifn  teat  data  rapraaaata 
tafaiMtian  on  raw  Batarlal  and  is  indleatlTs  of  tha  preeaas  oontroU 
data  la  praaontad  for  tan  (10)  oonaaoatlTa  prodoetlon  lota  ending 
With  date  ooda  252* 

Extended  Ufa  test  data  for  tha  Bandix  10  Aiipara  DAP  Oanarlo 
fmlljr,  fron  which  tha  2Nlit30  translator  la  salseted  la  prasanted. 

Ttila  Ufa  teat  rapraaants  an  oTaluatlon  of  100  transistors  for  a 
period  of  10|000  hours* 

Pallora  rata  lnfoi«atlon  has  bean  aoeiaaalated  on  tha  basis  of 
tha  aforanantlonad  Ufa  teats  and  also  from  infomatlon  conptlad  fron 
prsTloua  Ufa  testa  which  ware  parfoxwad  at  IX*  13$  and  1$5^C*  This 
Infomatlon  la  praaontad  as  a  eimalatlTa  fallora  rata  eiunre  as  show 
In  Appendix  1-A*  Rtawl  nation  of  tha  fallora  rata  ourre  ladieataa  tha 
failure  rata  to  ba  0*099(/10X  hours  at  25°C*  0*8]f  at  llO^C  and  1^7% 
at  150®C. 

Additional  step  stress  Ufa  test  infomatlon  also  preaantad  in 
terns  of  emiolatlTa  failure  mta  ts  tanpamturo  In  je  Is  show  In 
Appendices  I-Cl,  I-C2*  and  I-C3.  These  tests  ware  eondooted  over  a 
tsi^smturs  range  of  IX  to  320^0  with  failure  of  all  darloes  Intended* 
Thsts  sera  porfomad  on  2X12(30  darloes  aaeh  dram  froai  rsgular  produo- 
tloM  at  two  nonth  intarwals  daring  the  period  Julj  1962  through 
Jenaaiy  1963*  Step  straas  testing  In  all  oasas  Inelsded  an  asoendlng 
tsepamtura  stress  In  10^  steps  with  a  storsgo  period  of  tm  hours  at 
eeeh  step*  After  aaeh  sterags  period  the  mlts  warn  oooled  to  roam 
Msperatura  and  tha  parsnsters  ware  recorded* 

Tallsre  rate  ourvss  for  all  ezoapt  Beport  Ho*  1  wars  derlrsd 
atlllslBg  the  felleving  Unltst 


Ic«r  •  -flOT  7$^Ade 
I«bo  •  -1.5V  <  75^  Ade 

Pailur*  rat«  for  Raport  Ho.  1  samples  was  ealealatsd  In  tsma  of 
inopsrabla  dsrless  only. 

2.  Rsliabillty  Dswenstratlon  Program. 

The  program  from  the  fourth  qoartsr  on  to  completion  will  by 
to  plabe  transistors,  manufaetorsd  with  the  rarioos  pi^oet  Improremants 
on  reliability  life  tests  for  the  purpose  of  demonstrating  the  dsTiee 
capability  of  meeting  a  maximtsi  failure  rate  of  0.05KAOOO  boors  at  a 
90]{  oonfldenee  IsTsl. 

For  this  goal,  a  close  lot  control  egrstem  will  be  established, 
and  the  associated  data  will  be  analysed  and  prepared  for  any  failure 
analysis  which  would  be  required.  It  is  oar  intent  to  moBltor  the 
reliability  tasting  on  a  lot  by  let  basis,  using  the  step  stress 
teobniqne  and  extended  life  tasting. 

The  information  gained  on  the  date  from  the  step  stress 
(accelerated)  testing  will  rereal  useful  infomatien  about  the  aging 
oharaeteristios  and  reliability  of  the  transistor.  The  infoimaticn 
aocaialated  by  suoh  stress  teste  agrees  well  with  the  more  eomrentional 
aging  tests  at  the  lower  atresses  and  longer  times. 

The  demonstration  of  normal  distrlbetion  of  failures  in 
reeiproeal  temperature  (abeolute)  and  the  logHMmal  distribution  of 
failures  in  time  along  with  the  constant  Turianeo  for  these  distributions 
will  illustrate  soma  physical  model  for  derioe  degradation. 


Tb«  rclatiTtlj  short  tlM  and  smII  Din^or  of  dorleoi  Modod, 

•long  with  failoro  of  tho  eoaplota  ••nplo,  aslua  this  taehDiqoa  oaafiil 
in  nanjr  vayot  anoh  aat 

It  A  rapid  OQ^pariaon  araliiation. 

2.  Procaaa  control  and  tTalaaiion. 

3.  Day  to  day  or  lot  to  lot  production  rariationa* 

Tha  oonplata  knowledge  of  the  atatiaties  allows  aaparation  of 
the  noBber  of  nawerieka  and  also  in  eonjonetion  with  tha  aoealeration  citts 
enablea  the  predication  of  percent  failures  earaua  stress  and  tine.  The 
iaanadiate  result  of  the  teat  to  failure  yields  a  sufficient  nwber  of  failed 
dericea  to  perfom  a  *fallare  analysis,*  not  only  on  the  weak  derieea  but 
also  the  better  devices  to  datamlne  the  causa  of  failure. 

The  physical  nature  of  the  iq>plied  strasaes  and  tha  interaction 
of  the  streaaes  will  have  to  be  investigated  for  a  thorough  device  evaluation. 
This  acceleration  taatlag  will  be  adopted  for  all  tha  streasaa  involved. 


..ft  t  I  »  t  4  .  ■  ‘ 
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THE  BO^DIX  CORPORATION,  SEMICONDUCTOR  DIVISION 
TRANSISTOR  TYPE  aNl430 

ELQCTHICAL  D]i;SiaN  TEST  DATA 


IB  fflAdc 
VCEa«>2Vdc 
IC«-3Ade 


ICBO  aAdc 
VCB— lOCVdc 


BVCER  Vdc 
IC>-50nAdc 
RB£  -  looa 


VEBO  Vdc 
IBa»^  aAdc 


DATE  CODE 


<rQHutArii/*  ^>tii.un<i  ratc 


IV 


APPENDIX  II 


Lift  T»«t  PfMnftloot 

^toragt  and  oparating  Ufa  tatt  were  perforaMd  Co  aonlCor  and 
daearalne  the  icabilicy  of  davlcee  for  periode  of  1000  houra.  Bxcandad 
Ufa  caat^lnforaaeion  on  100  cranalecori  teated  for  10,000  houra  la 
alao  ahown. 

Wlch  eaCh  paraancar  both  the  percentile  Information  and 
hlatogram  g^tjpha  are  given.  The  percentile  preaentatlona  llluatrace 
dlatrlbuClon  ^ehavlor  from  one  reading  period  to  the  next.  HlaCograM 
for  each  peraaidcer  llluatrace  the  ahlfc  In  characterlatlc  value  for 


250  hour  Incramenta 


TBE  B&NOIX  CORPORATION,  S&MICCWDUCrOR  DIVISION 
TRANSISTOR  TYPE  2N1U30 

PARAMETER  DISTRIBUTICW 


nP£:  10  AMPERE  DAP 

STRESS:  STORAGE  LIFE  -  1000  Hours  at  25°  C 

PARAMETER:  ICBO 

TEST  :jNDITI0N3:  VCB  -  -100  Vdc 
INITIAL  UMIT:  -30  MA  de  Max. 


APlVDa  zx 


NUMBER  OF  UNITS:  100 


THE  BnOlX  CX);tFORATION,  smCONDDOrOI  DIVZSZOH 
TRANSZSTOR.TYFS  2N1430 


PARAMETER  $TABZUTT 

STRESS  I  25°  C  STORAGE  LZFE 
PARAMETER i  ZCBO 

TEST  CONDZTZONSi  VCB  ■  -100  VdC|  ZE  -  0 
ZNZTZAL  LIMIT:  -50  MA  DC  Mu. 

NUMBER  OF  UNZTSi  100 


Median  Value  at  saro  hours  >-0.6  sA 


the  BENDIX  corporation,  SEMIXNDUCTCH  DIVISION 


Apnaon  xx 


TRANSISTOR  TYPE  2N1‘*30 
PARAMETER  DISTRIBUTION 

TYPE:  10  Aap«re  DAP 

STRESS:  STORAGE  LIFE  -  1000  Hours  at  25°  C 
PARAMETER:  VEBO 

TEST  CONDITIONS:  lEB  -  -50  MA  X 
INITIAL  LIMIT:  -.5  Vde  Min. 

NUMBER  OF  UNITS:  100 


250  500  750 


TIKE  IN  HOURS 


THE  BENDIX  CORPORATION,  SEMICONDUOTOR  DIVISION 
TRANSISTOR .TYPE  2N1430 

PAiAMEliER  STABILITY 


•  SjTpSSl  STORAGE  LIFE 
PARAMETER!  VEBO 
TEST  CONDITIONS!  I£B 
'  .INITIAL  LIMIT!  -1.5 
NUMBER  OF  UNITS!  100 


1000  Hours  at  25 


>  -50  MA  DC 
Vie  Min. 


o 


C 


AiwimA  n 


Median  Value  at  aero  hours  k  -3.25  Vdc 
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VEBO  CHANGE.  IN  VOLTS 


TH£,BQ(DIX  CORPORATION,  SXMZOONDOCTOB  DIVISION 
TRANSISTOR  TYPE  2N1430 


urmn  n 


PARAMETER  DISTRIBUTION 


TYPE:  10  Ampere  DAP 

STRESS:  STORAGE  LIFE  -  1000  Hours  at  25®  C 
PARAMETER:  BVCER 

TEST  CONDITIONS:  IC  >  >50  MA  X  RBE  ■  100  0 
INITIAL  LIMIT:  -dOVde  Mia. 


NUMBER  OF  UNITS:  100 


TU  BBOZX  COBPOaATlON,  SiMICONDfOTOa  OIVZIZOV 
TBANSISTOB  Tn^  2N1430 

PABAMETEB  STABXUTT 

SXttSSi  25*' C  STOBAOS  LIFE 

PABAHETEIt  IVOES 

TEST  CONDITZONSI  IC  .  30  MA  DC,  RB£  .  lOOfi 
INITIAL  LINITi  -lO  V(U 
NUMBED  or  OKiTSt  100 


Median  Value  at  aero  houra  ■  -I4l  Vdc 
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BVCEB  CRANOB  IN  VOLTS 
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THE  BENDIX  CORPORATION,  SEMICONDUCTOR  DIVISIOI 
TRANSISTOR  TYPE  2N1430 

PARAMETER  DISTRIBUTION 

TYPE:  10  Ampere  DAP 

STRESS:  STORAGE  LIFE  -  1000  Hours  at  25°  C 

PARAMETER:  IB  (hpg) 

TEST  CONDITIONS:  VCE  »  -2Vdc  IC  .  -5Adc 
INITIAL  LIMIT:  -50  MA  X  Min.  - 165  MA  DC  Max, 


NUMBER  OF  UNITS:  100 


THE  BENDIX  C0SP0SATIC»4 ,  SOlIOONOtjpTOR  DIVISION 
TRANSISTOR  TYPE  2N1430 

PARAMETER  STABILITY 


BlBESSl  25**  C  STORAGE  UFE 


TBT  CONDXnOItti  le  -  -5.0  NA  DC,  Ve«  .  .RVde 


ZIfXTXAL  LXMI71  -30  MA  Min.  -  I65  MA  Hue. 


BOMBER  or  ONXTSi  100 


Median  Value  at  aero  houra  ■  -110  Vde « 
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TYPE:  10  Afflpcr*  DAP 

STRESS:  STORAGE  LIFE  -  1000  Hours  at  110°  C 
PARAMETER:  ICBO 

TEST  CCX4DITI0NS:  VCB  -  -lOOVde 
INITIAL  LIMIT:  -^A  dc  Msjc. 

NUMBER  OF  UNITS:  100 


0  23t  900  790  1000 


Tin  »  BOOBS 


PEBCfiMTXUC 


THE  B04D1X  COBPOlUTION,  SD(ICONDUe|ICOR  OIVISKM 
TRANSISTOR  TYPE  2Nl4^ 


PARAMETER  STABILITY 


STRESS!  110*  C  STORAGE  LIFE 
PARAMETER!  ICBO 

TEST  CONDITIONS t  VCB  .  -100  Vde,  IE  .  0 
INITIAL  UMIT!  -50  lAde  Max. 

NUMBER  OF  UNITS!  100 


1.0  al  •(  .2  .1 0  .1  .2  ,k  VI  .1  i.e  ♦ 


ICBO  CHANOB  IN  NIIIJAHPSRBS 


THE  BQiOIX  CORPORATION,  SEMICONDUCTOR  DIVISION 
TRANSISTOR  TYPE  2N1430 

PARAMETER  DISTRIBUTION 


TYPE:  10  Amp«rt  DAP 

STRESS:  STORAGE  LIFE  -  1000  Hours  at  110°  C 
PARAMETER:  VEBO 

TEST  CONDITIONS:  lEB  -  MA  DC 
INITIAL  LIMIT: -1.3  V4e  Min. 


NUMBER  OF  UNITS:  100 


OP  ONITS 


TH£  BENDIl  CORPORATION,  SQtl CONDUCTOR  DIVISION 
TRANSISTOR  TYPE  2N1430 


PARAMETER  STABILITY 


STRESS  I  STORAGE  UPE  >  1000  Hours  at  110°  C 
PARAMETER I  VEBO 

TEST  CONDITIONS!  lEB  >  -30  MA  DC 
INITIAL  LIMIT!  -1.3  Vde  Min. 

NUMBER  OF  UNITS!  100 


TXBO  CBANOS  IN  fOLB 


I  THi  BSNDIX  GOaPORATION,  SEMICONDUCTOR  DIVI310M 

*  _ 

J  TRANS  UTOB  TYPE  2N1430  AFIBPXX  IZ 

PARAMETER  DISTRIBUTION 

f 

TYFSJ  10  Amp«re  DAP 

STRESS:  STORAGE  LIFE  -  1000  at  110°  C 

PARAMETER:  BVCER 

TEST  CONDITIONS;  IC  .  -50  MA  DC  RBE  -  1000 
INITIAL  UMIT:  -  80Vdc  Min. 

NUMBER  OF  UNITS:  100 
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THE  BOiDIX  corporation,  oEHI CONDUCTOR  ^IVISION 
TRANSISTOR  TYP£  2N1430 

PARAMETSH  STABILITY 

STRESS  I  110®  C  STORAGE  LIFE 
PARAMETER  t  BVOER 

TEST  CONDITIONS (  10  «-30  HA  DC.  RBE  >  1000 

INITIAL  LIMIT  I  -80  Vdc  Min. 

NUMBER  OF  UMTS  I  100 


Armua  n 


IB  MA  DC 


THE  BEMDIX  CORPORATION,  SEMICONDUCTOR  DIVISION 
TRANSISTOR  TYPE  2N1430 


APFBDn  IZ 


PARAMETER  DISTRIBUTION 


TYPE!  10  Ampar* 

STRESS!  STORAGE  LIFE  -  1000  at  110®  C 

PARAMETER!  IB 

TEST  CONDITIONS!  VCE  -  -2Vdc  IC  >  -5  Adc 
INITIAL  LIMIT!  -30  MA  DC  Min.  163  MA  DC  Max. 
NUMBER  OF  UNITS!  100 


90 


50 


10 


TINE  IN  BOORS 


PERCBfTILE 


TMS  BSfOIX  CORPOBATKM,  5ENIOONOOCTOR  DIVISIO*' 
TRANSISTOR  TYPE  2N1430 


PARA,MET2H  STABILITY 

STRESS:  110^  C  STORAOE  LIFE 
PARAMETER:  IB  (hyj) 

TEST  CO"DITIONSi  IC  ■  5.0  Adc,  VCE  »  -2Vdc 
INITIAL  UMIT:  -  50  MA  MIN.,  -165  MA  MAX. 
NUMBER  OF  UNITS:  100 


Median  Value  at  zero  houra  >  -125  Vde 
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the  BiSili>i.x  COAPOJIATION 

NATION,  ^.emconductob  Division 
T8ANSISTOS  ryps  2,vi430 


Annozz  12 


PARAiffiTlS  distribution 


type  I  10  A«p#r«  DAP 

“ra  -  lOOO  Ko„r.  .t  85“  =  o 
PMiUffiHa,  ICJO  «  ■  30  W,tt, 

micoNomoiK.  vcb  .  .loo  vdo 

iNirm  miTt  .50  ««,. 

NUMBER  OF  UNITS:  loo 


W  BOOBS 


PEscaj-nu; 


or  mm 


TH£  BU40IX  CORPOBATION.  SEMICONDUCTOR  DIVISION 
TRANSISTOR  TlfPE  2N1430 

PARAMETER  STABILITY 


STRESS  I  OPERATING  LIFE  -  1000  Hours  at  85°  C  Pc  -  30  Watt 
PARAMETER!  ICBO 

TEST  CONDinONSi  VCB  -  -100  Vdc 
INITIAL  LIMIT!  -30  mAdc  Max. 

NUMBER  OF  UNITS!  100 


icao  CHAMS  IN  NZlUANnOUEB 


THE  BENDIX  CORPORATION,  SEMICONDUCTOR  DIVISION 
TRANSISTOR  TYPE  2N1430 

PARAMETER  DISTRIBUTION 


ipnnzx  u 
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TYPE:  10  Amp«re  DAP 

STRESS:  OPERATING  UFE  -  1000  Hours  at  85°  C  Pc 


30  Watts 


PARAMETER:  VEBO 


TEST  CONDITIONS:  IE  -  -50  HA  DC 


INITIAL  UMIT:  -1.5  Vdc  Min. 


or  mm 


TH£  BENDIX  CORPORATION,  SQII CONDDCTOR  DIVISION 
TRANSISTOR  TYPE  2N1430 

PARAMETER  STABILITY 


APnnn  n 


STRESS!  OPERATING  LIFE  -  1000  Hours  at  85°  C  Pc  -  30  Watts 

PARAMETER:  VEBO 

TEST  CONDITIONS!  IE  -  -50  MA  X 

INITIAL  LIMIT!  -1.5  Vdc  Min. 

NUMBER  OF  UNITS!  100 


Madian  Value  at  zero  hours  ■  -3*7  Vde 


vxBo  auKE  IN  ?aus 
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THI  BENDIX  COHPORATION,  SEMICONDUCTOR  DIVISIOM  AWTOl  IX 

TRANSISTOR  TfPE  2N1430 

PARAMETER  DISTRIBUTION 


TYPE:  10  Ampere  DAP 

STRESS:  OPERATING  LIFE  1000  Hours  at  85°  C  Pc  .  30  4.tta 
PARAMETER:  BVCER 

TEST  CONDITIONS:  IC  .  -50  MA  DC  RBE  .  lOOO 
INITIAL  LIMIT:  -80  Vdc  Min. 

NOIBER  OF  UNITS:  100 


TXNI  XM  B0UI8 


niimossi 


THE  BQ4DIX  CX)KPOHATION,  SEMICONDUCTOR  DIVISION 
TRANSISTOR  TYPE  2N1430 


I 

I 

PARAMETER  STABILITY 

[ 

J-  STRESS  I  OPERATING  LIFE  -  1000  Hours  at  85°  C  Pc  >  30  W 

PARAMETER I  BVCER 

J  TEST  CONDITIONS  t  IC  ••30  MA  DC  RBE  -  1000 

INITIAL  LIMITS  -80  Vdc  Min. 

[  NUMBER  OF  UNITS  I  100 


Amion  u 


PABAMETER  DISTRIBUTION 


TYPE:  10  Ampere  OAF 

STRESS:  OPERATING  LIFE  -  1000  Hours  at  85°  C  Pc  .  30  Watts 
PARAMETER:  IB  (h^g) 

TEST  CONDITIONS:  IC  «  -5A  DC  VCE  -  -2V  DC 
INITIAL  LIMITS:  -50  MA  DC  Min.  -I65  MA  DC  Max. 

NUMBER  OF  UNITS:  100 


90 


50 


10 


TINE  IN  HOURS 


PERCENTILE 


THE  BENBIX  OORPOHATION,  SEMICONDUCTOR  DIVISION 
TRANSISTOR  TYPE  2N1430 

PARAMETER  STABILITY 

STRESS  I  OPERATING  LIFE  1000  Hours  at  85®  C  Pc  «  30  Watts 
PARAMETER!  IB 

TEST  CONDITIONS t  IC  >  -3  A  DC  VCE  >  -BVde 
INITIAL  LIMIT!  -50  MA  DC  Min.  -165  MA  DC  Max. 

NUMBER  OF  UNITS!  100 


Madian  Valus  at  aaro  hours  ■  -110  Vdo 
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THE  BENDIX  CORPORATION,  3  c-M  I  CONDUCTOR  DIVISION  APFBIDIX  II 

TRANSISTOR  TYRE  2N1430 

PARAMETER  DIoTRiSUTICN 

TYPE:  10  Ampere  DAP 

STRESS:  STORAGE  LIFE  -  10,000  Hours  at  25°  C 
PARAMETER:  ICBO 

TEST  CONDITIONS:  VCB  .  -100  Vdc 
INITIAL  LIMIT:  -50  mAdc  Max. 

NUMBER  OF  UNITS:  100 


TIME  IN  HOURS 


BVCER  V  DC 


THE  BiMDIX  CORPOHATION,  SEKICONDUCTOS  DIVISION 
TRANSISTOR  TYPE  2N1430 

PARAMETER  DISTRIBUTION 


APiBDn  n 


TYPEi  10  Afflpcra  DAP 

STRESS:  STORAGE  LIFE  -  10,000  Hours  at  25°  C 
PARAMETEB :  BVCER 

TEST  CONDITIONS:  IC  =  -50  MA  K  RBE  =.  ICOC 

INITIAL  LIMIT:  -8o  Vdc  Min, 

NUMBER  OF  UNITS:  100 


0  1000  3000  5000  10,000 


TIME  IN  HOURS 


PERCSNTII£ 


Tit  BWDIX  CO«POHATION,  SiJIlJOND'JJTOS  TIViilON 
TRANSISTOR  TYPE  2:.'!'+ 30 

PARAMETER  DISTRIBUTKW 

0  Aapcr*  OAP 

STORAGE  LIFE  -  10,000  .t  .'3°  '■ 

Rl  IB 

DITIONSi  VCE  ■  -2Vdc  TO  =  -3  Adc 
LIMIT  I  -50  MA  DC  Min.  -  .o5  MA  DJ  Max. 
p  itnttsj  inn 


ICBO 


THi:  BE-'JDIX  COaPORAriON,  SailCONDUCTOH  d:.vision 
TRANSISTOR  TYPE  2N1430 


iPPBon  11 


rARA?!.T»K  DISrr^IBUTION 

TYP-;i  10  Ampere  O'-P 

STR;JjS:  storage  life  -  10,000  Hours  at  110°  J 

PARAMET^uR :  ICBO 

TEST  CO.N  Dili  ONE!  VCB  -  -100  MA  DC 
INITIAL  LIMIT:  -50  mAde  Max. 

NUMBER  OF  UlilTS:  lOO 


0  1000  3000  5000  10,000 


TIME  IN  HOURS 


PERCEI.-Ti: 


BVCER  V  DC 


THE  BENDIX  COSPOfiATION,  SEMI CONDUCTOR  DIVISION 
TRANSISTOR  TYPE  2N1430 


iPiODn  IX 


PARAMETER  DISTRIBUTICXt 


TYPE:  10  Ampere  DAP 

STRESS:  STORAGE  LIFE  -  10,000  Hours  at  110®  C 

PARAMETER :  BVCER 

TEST  CONDITIONS:  IC  »  -50  MA  M  RBE  -  lOOQ 
INITIAL  LIMIT:  -80  Vde  Min. 

NUMBER  OF  UNITS:  100 


TIKE  IN  HOURS 


PERCSt^TIIf 


THE  lENDIX  COBPOBAZXON,  SEMICONDUCTOR  DIVISION 
TRANSISTOR  TYPE  2N1430 


PARAHOER  DISTRIBUriGN 

TXFEt  10  Aap«r«  DAP 

STRESS!  STORAGE  UFE  -  10,000  Hours  at  110°  C 
PARAMETOi  IB  (h^^.) 

TEST  CONDITIONS  I  VCE  >  .2Vde  IC  -  Adc 
INITIAL  LIMITi  .30  MA  DC  Mia.  - 163  MA  DC  Max. 


NUMBER  or  QNITSi  100 


IV  -  APPuron  III 

Haatrieil  Specification 

Th«  2111430  ic  •  awiteblAg  traaslator  to  bo  uood  with  ioduetlTO, 
oapoeltlvo,  or  roaiotlTO  loada.  Tho  rariaad  2111430  apaoifleatioa  roflocta 
tho  iaprovod  toohnology  of  tho  10  A  DAP  aa  wtU  aa  a  praotieal  daaeriptloa 
of  tho  doTleo  which  ia  of  laportaMO  to  tho  doai^  onglaoor  ualng  a 
awltehlng  traaaiator. 

Elootrioal  Paraaotora 

Tho  aoaaurod  docroaaod  or  Maaurod  at  a  aueh  hi^Mr 

▼oltago  than  ia  tho  original  apoo.  Za  addition,  ia  aoaaurod  at 
100  V  and  83*C  which  giooa  aa  indieatioa  of  curroata  to  bo  oxpootod  whoa 
oporating  at  olowatod  junetlon  toaporaturoa* 

A  aaziaua  gain  at  lc-10  A  waa  apooifiod.  Thia  ia  dooirablo  for 
operation  in  invortora  whioh  la  tho  aajor  applieatiea  of  thia  traaaiator. 

Tho  aaturation  voltago  and  tho  opon  baao  broakdowa  voltago  aro  ia* 
prevod.  Tho  V^  paraaotor  waa  roplaood  bp  1^  in  ordor  to  eowor  tho 
two  oztroao  eaaoa  of  oqual  to  lOro  and  infiaitp. 

Tho  aaodl  aigaal  h^^  at  100  Ko  waa  not  inoludad  booaiiao  it  daoa  not 
holp  ia  doaigaing  awitehiag  oireuita.  A  aero  roaliatio  awitohing  cirouit 
for  Boaauring  riao,  atorago  and  fall  tiao  ia  uaod  in  tho  roriaod  apooifi* 
eation. 

It  ia  net  auffioioat  to  apoeifp  a  aafo  oporatiag  area  without  lialt» 
iag  aoao  other  oonditioaa  aiaultanooualp.  Tho  following  eonditioaa  auat 
bo  aatiafiod  in  order  to  aehiOTO  reliable  oporatioai 


IV  -  APPENDIX  III  (CONTI.-.'UED) 
Baa*  Current 


Th*  bae*  currant  la  rasponalbl*  for  colltctor  currant  eone*n> 
tratlon  in  tha  junction.  Tba  hlghar  tha  baaa  currant,  tha  nlRhar 
tha  currant  concautration.  Eapacially  at  poaitlaa  baaa  currants 
during  awitchla^  through  tna  paaic  Txswar  of  bOO  'li  whara  falluraa  nay 
occur  unlasa  1^  is  aqual  to  or  less  than  ;..J/A, 

Drivina  Circuit  Output  Raalstanca 

If  a  currant  source  woula  be  used  to  dreva  tha  transistor,  tha 
positive  I-  would  ba  indapandant  of  tha  input  iapadanca  of  tha  tran- 

O 

sistor.  for  instance,  if  th*  paak  power  of  800  W  is  raaehad,  1^  aay 
b*  lA  which  aay  initiate  currant  ooncantratior.  hy  using  a  voltage 
drive  and  a  aaxiaua  source  rasistanc*  of  ohjii,  th*  1^  is  daoraasing 
after  th*  storage  tin*  of  th*  transistor.  This  enables  th*  2Nl4^ 
to  absorb  th*  peak  power  and  ensures  safe  operation. 

Maxiaun  Junction  Taaperature  and  Power  Dissipation 

It  is  difficult,  and  in  aost  cases,  not  practical  to  detamine 
th*  instantaneous  Junction  tarperatura.  It  must  b*  considered  that 
calculations  give  no  indication  of  locallxad  heating  or  currant  con¬ 
centration  in  th*  transistor.  lasts  indicaten  that  most  transistors 
will  not  fail  when  th*  switching  tlae  is  limited  to  tha  collector 
current  fall  tia*  resulting  from  suddenly  opening  base  provided 
a  certain  avarag*  junction  tamparatur*  is  not  exceeded.  Froa  experi- 
anoa,  a  maxiaun  average  junction  tamparatur*  oan  b*  spacifiad  which 
ean  b*  aasily  caleulatad  uaing  avarag*  power  diasipation. 


IV  -  APrsiroix  III  (coOTiTOE) 


Specifying  a  aaxiaua  avarsK*  powar  disaipation  Halts  auto> 
aatieally  tha  Baxiaua  rapatitian  rata  at  which  tronaiators  can  ba 
oparatad  with  a  givan  paak  powar  pulaa.  A  longar  collactor  currant 
fall  tiaa  iMraaaaa  tha  powar  dlaeipation  during  switching  and 
tharafora  daeraaaaa  the  allowable  frequency. 

Switching  Tiaa  Between  Saturated  State  and  Cutoff 

Seducing  tha  posit ire  base  current  or  changing  the  base  currant 
slowly  fron  a  nagatlea  to  a  positive  value  raaulta  in  a  long  col¬ 
lector  currant  fall  tiaa.  The  load  line  nay  not  change  considerably, 
however,  the  peak  powar  is  applied  to  tha  transistor  for  a  longer  tisa 
Tha  junction  tasparatura  of  a  transistor  with  certain  tharaal  tiaa 
constants  say  rise  to  such  a  value  that  the  device  nay  be  destroyed 
or  dasagad.  Tharafora,  the  tiaa  in  which  the  load  lino  can  ba  tra- 
Torsad  oust  ba  Halted.  Siailarly,  switching  froa  cutoff  to  saturs- 
tloa  Bust  ba  accoapHshad  in  a  Halted  tiaa  if  tha  load  line  Is 
trsTarsing  high  power  points  in  tha  active  region.  In  sooa  inverter 
circuits  and  applications  Ilka  TV-horisontal  deflection  circuits, 
tha  load  line  raaohas  into  tha  area  having  positive  collactor  currants 
(Sas  Tigura  7).  This  operation  in  tha  ravarsa  diraotlon  does  not 
dsasga  tha  transistor. 

Is  special  oases  tha  awltohing  tisa,  ssxisus  collector  currant, 
asxlaus  base  currant,  ate.  may  ba  axcaadad.  Thera  are  so  atandard 
rules  or  aaans  of  csleulatlon  available  to  derate  tha  2Klky).  The 
saxlsuB  voltage  given  by  tha  safe  operating  ares  should  never  ba 


axesadad 


r 


n  •  AppaDZz  n  (i.i.k»i) 

Control  Li»lt» 

nrcB  the  data,  the  average  range  R  vaa  estimated  at  .31  mils. 

Then  ^  ■  R/dg  where 

^  B  estimate  of  standard  deviation  of  the  population 
R  B  average  range 

^2  constant  obtained  from  Q.C.  Handbook,  In  this  case  3 >078 
Q  -  .31/3.078  »  .101  mils 

Our  sampling  plan  Is  based  on  variables.  To  obtain  a  given  protection. 

It  Is  Important  to  find  the  distance  away  frcn  the  specification  limits  to 
which  It  Is  permissible  to  go.  This  distance  Is  U  -  k'  and  L  +  ii 
where 


U  B  Upper  specification 


L  ■  Lower  specification 


standard  de'^latl 


k'*  ■  constant 


I 

\ 

I 

I 

I 


The  averages 
of  samples 
must  be  In 
here 


(1) 


!  1 


To  obtain  k'*  we  tables  prepared  by  Boater  and  Qoode  ,  and  partially 

reproduced  In  (hnarngW/  ,  where  we  find  the  following  Information. 


"Tor  a  known*sl0aa  plan  for  two-sided  spec ifledt ions  and  saaqple  site  n  ■  10 
k'*  ■  *1.161^".  The  table  also  tells  us  that  ^Is  Is  essentially  equivalent 
to  a  "single  sampling  plan  by  attributes  with  sample  site  n-30  and  acceptance 
maiber  ca3".  This  latter  infoiaatlon  shall  be  used  in  ^pendlx  T. 


To  obtain  our  limits,  therefore,  we  have 

k'V  -  X  .101  -  .118 

U  -  k'*^  -  0.9b  -  .12  -  0.82  alls  (coded) 

L  +  k'*^-  0.b6  +  .12  -  0.58  mils  (coded) 

BOTl;  With  the  micrometer  It  is  possible  to  read  only  to  the  tenth  of  a  all,  and, 
therefore, when  we  have  a  split  tenth  we  found  off  to  the  nearest  tenth.  That 
Is  why  our  vpper  specif Icatlon  limit  U  is  called  0.9b  Instead  of  O.90.  An 
analogous  argUMot  holds  for  the  lower  limit  L. 


(i) 


A.I.  Bemter  and  P.I.  Oeode  _ 

I.  L.  Orant  "Statistical  Quality 


1952 


17  -  APPEKOn  7  (l.Ult.3) 


PrtaelpUt  CbdTlyiiMt  AOQL  SmoIIm  PIjum. 

Aa  iadleatad  in  Appandix  17,  oar  aanpliiig  plan  bgr  Tarlablta  ia 
aaaaatially  aqalralant  to  a  ainfla  saapling  plan  bjr  attrlbataa  with 
aaapla  alia  a*  30  and  aeeaptanea  noabar  of  e«  3*  (lota  that,  in 
aoBplinc  bjr  Tarloblaa,  «a  obtain  aaaantlalljr  tha  aaaa  protaetioa  with 
a  aaapla  ilsa  of  n"  10,  thoa  eatting  down  inapaotlon  bgr  aboat  2/3). 

In  ordar  to  obtain  fcrthar  raaalta,  it  baooaoa  naoaaaargr  to  davalop 
tha  Oparatlng  Charaetarlatie  Corra  (OC  Caraa)  for  tha  aaq>liii  plan. 

Brlaflgr,  tha  OC  earra  glwaa  oa  tha  prebabilitp  of  aeoaptl^  a  lot  haring 
a  glran  pareant  of  dafaetiraa  in  It. 

Lot  p  ■  proportion  of  dafaetiraa  in  tha  eahaittad  lot 

n  ■  aaapla  aiaa,  in  this  oasa  30 

Pa  >  probability  of  aoeaptanea,  aa  obtainad  froa  a  Poisson  Tab  la  (3) 
0  •  aoooptanea  nunbor,  in  this  oasa  3 

ly  rargrlng  p,  wa  ean  obtain  tha  following  tablai 


JL 

PP*30p 

Pa 

.05 

1.5 

.934 

.00 

2.ii 

.779 

.10 

3.0 

.647 

.12 

3.6 

.515 

.15 

ii.5 

.342 

.20 

6.0 

.151 

.25 

7.5 

.059 

Tba  OC  earra  thos  awolrad  is  shown  in  Plgwra  4.  Froa  it,  ww  esa 
road  tha  snawar  to  qaaatioa  l.l*Iu3>3»  nsBaljt  "Hhat  la  ear  ITPD,  or 
at  what  pareant  dafaetira  do  wa  hare  a  90f  ehanea  ef  rajeetioar*  Tha 
anawar  to  this  is  that  for  22%  dafaetiraa  Pa  •  .10  or  109(.  Anethar 
way  of  patting  it  is  to  say  that  wa  will  rajaet  this  qaallty  er  wersa 
9C%  of  tha  tino. 

Lot  os  now  daralop  the  oqoation  giring  as  tha  araraga  naaber  ef 
onits  inspeetad. 


•  .n 


#  inspeetad 
in  erary  lot 


♦  (■•n)  (1  -  Pa)/* 


additioMl  I  inapaetad 
whan  a  let  is  rajaetad 
and  aeraanad  lOOX. 


I 


if«l-lPa-i(niPa"i-(l-B)  Pa  (1) 


Fl&URE  A 


V  -  XnWTIFICATICJI  OF  PEKSONNSL 


1.1  Pwoniwl 

following  changoa  ware  cado  during  thia  pariodi 
Addad  to  contraoti 
|luaaaar«  John  0* 

Dalatad  from  oontraoti 
Fallon,  Dannia 


MQSSUB,  JOHN  0. 

Fairmont  Stata  B.S.  Phyaioa  1990 

B.S.  Nath. 

Fairlaigh  Diekinaon  D.  Qraduata  Studiaa,  Buainaaa 

Naxugmaant 

Nr.  Nuaaaar  la  Oaraanium  Natariala  Nanagar,  raaponaibla  for  tha  trana* 
formation  of  tha  baaio  aanieonduetor  natarial  into  a  form  uaabla  for  da* 
Tiaa  fabrieatioa.  nrior  to  Joialag  Bandia,  ha  waa  Chiaf  bigiaaar  * 
Baniaeadaator  OiTiaioa  for  Tuag-Bol  Elaatria  from  1960*1962,  raaponaibla  * 
for  all  taohaologp.  Froa  1996*1960,  ha  aarrad  aa  Nanagar  of  tha  Daai^ 
and  Dawalepnaat  Dapartaant  raaponaibla  for  now  product  and  prooaoo  daralop* 
aaat.  FFoa  1999-1996,  ha  waa  raaponaibla  for  aatariala  aaginaaring  and 
waa  Aaaiatant  Nanagar  of  tha  Daaign  and  Dawalopaant  Dapartaant.  Froa 
1991*1993  ana  aaplopad  bp  tha  Badio  Corporation  of  Aaariaa  na  an  appUad 
phjaialBt  in  tha  aaaiaeaduatar  Chaalatry  and  Phpoiaa  Laboratory. 

1, 2  Engineering  Time 

During  thie  period  1345  houre  were  ipent  by  Bendix  pereonnel  toward 
tha  fulfillmant  of  tha  contractual  commitmanta. 


